ABSTRACT LAYNE, JOSEPH S.
In previous work (Layne and Johnson, 1964) , we demonstrated that cyst formation can be induced in Azotobacter by omission from the medium in which the organisms are grown of one or more of the minerals normally present, and by limitation of the carbon source. Thus, it would seem that the Azotobacter cyst is not formed specifically in response to the presence of n-butanol, but is a survival state of the organism produced in response to a variety of detrimental changes in the environment. Cysts produced by the methods just described were found to differ morphologically from those described in the literature (Socolofsky and Wyss, 1962) , in that they apparently lacked the characteristic exine and intine when viewed under an electron microscope.
Socolofsky and Wyss (1962) found that the Azotobacter cyst produced in response to n-butanol in the medium was markedly resistant to a variety of physical and chemical agents, including mechanical disruption, radiation, desiccation, and a mixture of ethylenediaminetetraacetic acid (EDTA) and the enzyme lysozyme.
The question arose as to whether or not cysts produced in response to mineral or carbon source deficiencies differed in their resistant properties as well as in their morphology from butanol-induced cysts. The evidence presented in this paper shows that cysts produced in response to mineral deficiencies or carbon source limitation, in liquid medium, possess the same degree of resistance to physical and chemical agents as do cysts produced on solid medium in response to n-butanol by the method of Socolofsky and Wyss (1962) .
MATERIALS AND METHODS
Organism. The organism used in all of the experiments in this study was Azotobacter agilis (vinelandii) strain 0. The organism was maintained on Burk's nitrogen-free medium which had been solidified by addition of 1.5% agar. All media used were sterilized by filtration to prevent precipitation of minerals. The organisms were grown at 30 C and were subcultured at weekly intervals. Cultures used in the various experiments were inoculated by washing the growth from one slant into the culture with a small amount of distilled water. Cysts were produced by growth of the organism in liquid Burk's nitrogen-free medium minus calcium and iron, with 0.5% sucrose as the carbon source. Under such conditions, up to 95% cysts were obtained in 18 to 24 hr. Vegetative cells were produced by growing Azotobacter in the same type of medium containing normal amounts of all minerals.
Sonic treatment experiments. Samples of 18-hr cultures of cysts and vegetative cells were obtained and counted to determine the number of vegetative cells and the number of cysts. The counting procedure was the same as that employed in our previous study on cyst formation in Azotobacter (LayneandJohnson, 1964) . Each of the samples was then subjected to sonic treatment in a 9-kc Raytheon oscillator. Samples of each prep-aration were removed from the oscillator at the end of 5, 7.5, 10, and 15 min. The number of cells and the number of cysts in each preparation were again determined. From the two sets of data, it was possible to determine the percentage of vegetative cells and cysts in each of the original preparations which had been disrupted by sonic treatment for the various time intervals tested.
Desiccation experiments. Cultures (18 hr) of cysts and vegetative cells were harvested, washed in distilled water, and resuspended in tris(hydroxymethyl)aminomethane (tris) buffer (pH 7.2) to equal protein concentrations as determined by the Lowry et al. (1951) method. Samples (5 ml) of each preparation were then placed in planchets; the planchets were transferred to a desiccator containing calcium chloride and were placed under a vacuum of 10 mm of mercury at room temperature. At 1-week intervals, a planchet of each preparation was removed from the desiccator. The contents of each planchet were then resuspended in 5 ml of tris buffer, and 1 ml of the resulting suspension was plated on solidified Burk 
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The optical density of both the young and old _ _; cyst suspensions was also greatly reduced by the combined action of EDTA and lysozyme. However, unlike the vegetative cell suspensions, the optical density of the cyst suspensions was also reduced a moderate amount by the action of EDTA alone. Lysozyme also had a slight effect in reducing the optical density of the cyst suspen-TIVE 1-20 YS sions. This effect was more pronounced in the 5i5
case of 20-day-old cysts than in the case of 18-hr-old cysts. Socolofsky and Wyss (1961) demonstrated that cyst formation in Azotobacter could be induced in response to the presence of n-butanol.
Cysts produced in this manner were subsequently found to be resistant to a variety of factors, including mechanical disruption, desiccation, and radiation (Socolofsky and Wyss, 1962) . On the basis of their work with Azotobacter, these investigators expressed the view that the Azotobacter cyst represents a modified vegetative cell surrounded by a specialized capsule This also is the view expressed by Tchan, Birch-Anderson, and Jenson (1962) . All of these investigators seem to attribute the resistance displayed by the Azotobacter cyst to this specialized capsule, which is composed of two layers termed the exine and intine. The present study suggests that a modification of this concept may be necessary, since cysts produced in response to mineral deficiencies seem to lack the characteristic exine and intine, and yet have been shown to possess the same resistant properties as do cysts produced in response to n-butanol which possess an exine and intine.
The Cysts in this study, as wrell as cysts produced in response to n-butanol, were The comparative heat resistance of cysts and vegetative cells of Azotobacter was also determined. The cyst was found to be only slightly more resistant to thermal destruction than was the vegetative cell. These results also agree with those of Socolofsky and Wyss (1962) .
The only marked differences in the resistant properties of the cysts used in this study which were produced in response to mineral deficiencies, and those lproduced in riesponse to n-butanol, were seen in their comp)arative response to treatment with EDTA. Socolofsky and Wyss (1962) showed that vegetative cells of Azotobacter were lysed by a mixture of EDTA and lysozyme, but were not lysed by either agent alone. Cysts were also disrupted by the combined action of EDTA and lysozyme, but differed from vegetative cells in that they were lysed to a considerable extent by the action of EDTA alone. In the present study, cysts and vegetative cells could also be disrupted by a mixture of EDTA and lysozyme, but cysts were lysed to only a very slight degree by EDTA alone. EDTA is thought to act upon the exine and intine of the cysts, causing rupture and ejection of the central body (Socolofsky and Wyss, 1962) . If the cysts in the present study did not possess an exine and intine, one would not expect much of a response to the action of EDTA alone, and this is what was actually observed. The effect of lysozyme alone on the 20-day-old cyst suspension is as yet unexplained.
